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(57) ABSTRACT 
A system for demodulating a coherent, phase-shift 
keyed signal that is modulated by a set of orthogonal or 
biorthogonal code words. The system does not require 
a local phase reference that is phase locked with the 
received signal. The system is made up of two demodu 
lators and a microprocessor. One demodulator utilizes a 
local sinusoidal signal in the demodulation process, and 
the second uses a local cosinusoidal signal in the demod 
ulation process. Because the phases of the local signals 
do not change significantly with respect to the unmodu 
lated phase of the received signal during the period of 
time occupied by a single code word, the output of one 
or the other of the two demodulators resembles the 
code word which was transmitted. The set or orthogo 
nal code words is compared with the outputs of the two 
demodulators to determine which code word was trans 
mitted, and the data which corresponds to that code 
word is output by the system. 

12 Claims, 3 Drawing Figures 
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1. 

IN-PHASE QUADRATURE DEMODULATOR FOR 
CPSK SIGNALS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The system of this invention relates to the demodula 

tion of coherent phase-shift-keyed signals. More partic 
ularly, this system applies to the demodulation of such 
signals that are modulated by orthogonal or bi-ortho 
gonal codes. 

2. Description of the Prior Art 
Prior art systems for the demodulation of coherent 

phase-shift-keyed signals typically use a local phase 
reference signal which is phase locked to the unmodu 
lated phase of the received signal. As a consequence, 
such systems normally require a 'start-up' period at the 
beginning of operation during which the phase of the 
local reference signal is adjusted so as to lock onto or 
become in phase with the unmodulated phase of the 
received signal. As a consequence, in the systems of the 
prior art, an unmodulated signal is normally transmitted 
during this "lock in' period as no data is transmitted or 
received during this period. Furthermore, if phase syn 
chronization or "lock in' is lost during the period when 
data is being transmitted, the data received while "lock 
on' is being re-established is lost. In some systems of the 
prior art, the transmission of data must be interrupted 
and an unmodulated signal transmitted in order to re 
establish "lock on.' 

SUMMARY OF THE INVENTION 

in the system of this invention, the demodulation 
process does not require a local signal to be phase 
locked with the unmodulated received signal. The sys 
tem of this invention requires only that the phase of the 
local oscillator signal or signals remain more or less 
constant relative to the unmodulated phase of the re 
ceived signal during the period of time occupied by a 
single code word. 

In the system of this invention, the received signal, in 
effect, is demodulated by each of two demodulators, 
one demodulator utilizes a local sinusoidal signal in the 
demodulation process and the second uses a local 
cosinusoidal signal in the demodulation process. Be 
cause of the orthogonal relationship between the two 
reference signals that are utilized by the demodulators, 
at least one of the demodulators will have a significant 
output, and that output will resemble the modulation 
code word or its complement. By comparing the set of 
orthogonal or biorthogonal code words used in the 
modulation process with the outputs of the two demod 
ulators, or with certain combinations of these outputs, 
the code word which was transmitted is determined and 
the data corresponding to the code word is output by 
the system. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the invention; 
FIG. 2 is a flow diagram of the operation of the mi 

croprocessor in one mechanization of this invention; 
and 

FIG. 3 is a flow diagram of the operation of the mi 
croprocessor in a second mechanization of this inven 
tion. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The operation of the system when orthogonal code 
words are used is described first. Referring now to FIG, 
1, the received signal, which is a coherent, phase-shift 
keyed signal modulated by an orthogonal code, is input 
to mixer 1 where it is mixed with a local sinusoidal 
signal at the same frequency as that of the received 
signal. The received signal is also input to mixer 2 
where the received signal is mixed with a cosinusoidal 
local signal of the same frequency as that of the re 
ceived signal. Integrator and dumper 3 integrates the 
output of mixer 1 and dumps that output at the end of 
each keying interval into microprocessor 5. Integrator 
and dumper 4 integrates the output of mixer 2 and 
dumps that integral into microprocessor 5 at the end of 
each keying interval. Microprocessor 5 then compares 
the outputs of integrators and dumpers 3 and 4 over the 
sequence of keying intervals occupied by a single code 
word with the set of code words to determine which 
code word was transmitted. The microprocessor then 
outputs as the output of the system the data which cor 
responds to the transmitted code word. Two different 
ways for making this comparison are described in this 
specification. 
The first process of comparison is called the IQD or 

in-phase quadrature process and is described by the 
following equations: 
An orthogonally-coded CPSK signal s(t) is defined 

by the equation, 

s(t)=sin (27tfi + D(in)-77) (1) 

where f is the carrier frequency, t is time, and D.O.,n) is 
the n'th bit of the particular code word transmitted 
during the jth code period. For any code period j,D 
will be one of the m different orthogonal code words, 
W(m), that are used by the system, that is, 

D(in)= W(m,n) (2) 

where W(m,n) is the n'th bit of the mth code word in 
the orthogonal set of code words. 

For the purpose of numbering the code words within 
the orthogonal set, the numerical value for m can be 
defined simply by 

(3; 
a - z D002 kiss 0 Aj, 

where Di is the word input to the coder (D(j,k) is the 
k'th bit of the j'th input word) and K is the number of 
bits in the input data word. 
The received signal r(t) can be defined by the equa 

tion 

r(t)=A(t) sin 27 ft + Di n)-77 -- f(1) (4) 

where A(t) and 6(t) are slowly-varying amplitude and 
phase functions which describe the effect of the propa 
gation medium on the transmitted signal. 
The first demodulation process, denoted here as the 

in-phase quadrature process, is defined by the following 
equations. 
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- - -2 (5) din) = A (t) T 4: (2nft)dr 
fth code period 

in - -2- (6) d(jin) = A (t) T 4. (2ntift)dt 
jth code period 

C(irri) = x 1-2 W(m,n) di (), n) 

C0 m) = 2 (1-2W(m,n)) da (in) 
(7) 

(8) 

The factor 1-2W(m,n) in the summation converts the 
sets of binary sequences of "O's and "1's, of which the 
W(m)'s are composed, into orthogonal series of it 1's. 
The system of this invention selects the number M for 

which either C.G.M) or C.G.M) is the largest of all 
COj,m) and C(j,m) and produces as its output the 
decoded character, D(j,k) which corresponds to the 
binary representation of the number M. The micro 
processor 5 implements the IQD process described by 
equations (7) and (8) and the selection of the largest 
|C, or C, in the manner illustrated by the flow dia 
gram in FIG. 2. 
A somewhat better (and more complicated) demodu 

lation process, which is denoted here as the second 
order in-phase quadrature demodulation or IQD pro 
cess, is defined by the equations given above together 
with those that follow. 

com) = 0 C(in) 
2 

Cy(im) = Cir) - Cm) -ten 
2 

20) is defined such that 

19. { 
2(f) c. 

YY. { 

OR 

OR 

O 

4 
One orders the code words so that the m'th code 

word (where m (2-1) is the complement of the 
(m+2K-I) 'th code word. Then, 

Di n) = W(Mn)69 Dik= K-1) (14) 

where 

(15) 

In this case the demodulation process, denoted here as 
the biorthogonal in-phase-quadrature process, which is 
equivalent to the IQD process, is defined by the follow 

(Z(j - 1) = 19) AND { | CO - 1,M) 2 C.(j - 1,M) |, | CO - 1,M) )} 
{Z(j - 1) = YY) AND { | C(j - 1,M) | < | C(j - 1,M) |, | C(j - 1,M) )) 
(Z(j - 1) + IQ) AND ( C(j - 1,4f) < C(j - 1,M). C(j - 1.M) } 
{Z(j - 1) = YY) AND { | C(j - 1,M) 2 C0 - 1,M) |, | Co - 1,M) | } 

C(iM); (Z(j) = IQ) AND C(iM) i 2 C(im), C(im) : )} 
CiM) st C(i.M); (Z(i) = IQ) AND ( C(i.M) 2 C(im) , C(im) | } 

C(j,M); (Z(j) = YY) AND ( C.(j. M) 2 C(im) , C(im) )) 
C(iM); (Z(i) = YY AND { | C(iM) 2 C(im) , C(im) | } 

The system then produces as its output the character 
D(j,k) which is the binary representation of the number 
M 
The microprocessor 5 implements the IQD2 process 

described in equations (7) through (12) in the manner 
illustrated by the flow diagram in FIG. 3. 
With a few modifications, the system of this invention 

also can be used with biorthogonal codes in order to 
avoid having to know absolute phase and still be able to 
distinguish between complementary codes. The K'th bit 
of each input character is differentially encoded. Thus 

Pi. k) = ( 

where D.(j,k) is the input character and DiG,k) is the 
differentially-encoded input character and GB denotes 
modulus 2 addition. 

(13) 
Dijk); k = 0, 1,...,K - 2 
Dik) (B Dj - 1,k); k = K - 1 

15 ing equations. 

If 

n & 2 K- (16) 
C(i.M) 2 C(im) C(i, 20 CiM) { (im) in I} (, 

then 
Dik) = (17) 

Binary - Rino (" + 2-2 - SGN (CGM). 
25 

C(j - 1,M)}} ) 
If 

(9) 

(10) 

(11) 

(12) 

e m < 2K-l (18) 50 | C(j,M) 2 { C(im), C(im) | }; M & 2 K-1 
then 
Di, k) – (19) 

Binary - r Reno (" + 2*-? (1 - SGN{C(iM). 
55 

ce - i.M))) 

65 

In this case the demodulation process denoted here as 
the biorthogonal second-order in phase quadrature pro 
cess is defined by equations (16), (17), (18), and (19) 
when Z(j) = IQ. When ZG)=XY, the equations below 
are used. 

f 

(20) 
in K 2K-1 can cun) , I can D (, 
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-continued 
then 
Dik) -- (21) 

Binary 
kin? M 2K- 2 (1 - SGNC, (j,M). 

CU - 1,M)}} ) 
- (22 

. n & 2K - 
lf COi n) 2: {| C(im), C(i.in) | } : M < 2K - 1 
then 
I(ik) : (23) 

Binary ... 2 
kins ( M - 2 1 - SGN (CJ, M). 

CJ - 1,M)}) } 

The flow diagram for biorthogonal coding follows in a 
similar fashion from the equations given above. 
The performance penalties associated with the IQD 

and QD processor, as compared to a demodulator 
which uses a perfect phase reference, are small when an 
orthogonal subset of (16,5) Reed-Muller codes are used. 
For a signal to noise ratio of 6.97 dB, the performance 
penalty for the IQD process is 1.4 dB while that for 
QD2 process is only 0.6 dB, that is, the IQD process 
works as well as a perfect phase reference demodulator 
would have, but with a signal to noise ratio of 6.37 dB. 

I claim: 
... A process for demodulating a coherent phase-shift 

keyed signal that is modulated by a set of orthogonal 
code words representing input data comprising the 
steps of: 

(a) generating a reference sinusoidal signal and a 
reference cosinusoidal signal, 

(b) mixing the coherent phase-shift-keyed signal with 
the reference sinusoidai signal in a first mixer, 

(c) mixing the coherent phase-shift-keyed signal with 
the reference cosinusoidal signal in a second mixer, 

(d) integrating the output of the first mixer in a first 
integrator during each keying interval and dump 
ing the output of the first integrator into a micro 
processor at the end of each keying interval, 

(e) integrating the output of the second mixer in a 
second integrator during each keying interval and 
dumping the output of the second integrator into 
the microprocessor at the end of each keying inter 
val, 

if repeating steps (2) through (5) for each of the 
keying intervais within a code word, 

(g) selecting, within the microprocessor, that particu 
lar code word which displays the greatest resen 
blance to the outputs from the first and second 
integrators, and 

(h) outputting the data which is represented by that 
particular code word: 

2. The process described in claim a wherein the step 
of selecting, within the microprocessor, that particular 
code word which displays the greatest resemblance to 
the oilt puts from the first and second integrators con 
prises selecting that particular code word by means of 
the 1-phase quadrature process. 

3. The rocess described in clain wherein the step 
of selectiig, within the microprocessor, that particular 
code word which displays the greatest resemblance to 
The outputs from the first and second integrators com 
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6 
prises selecting that particular code word by means of 
the second order in-phase quadrature process. 

4. A process for demodulating a coherent phase-shift. 
keyed signal that is modulated by a set of biorthogonal 
code words representing input data comprising the 
steps of: 

(a) generating a reference sinusoidal signal and a 
reference cosinusoidal signal, 

(b) mixing the coherent phase-shift-keyed signal with 
the reference sinusoidal signal in a first mixer, 

(c) mixing the coherent phase-shift-keyed signal with 
the reference cosinusoidal signal in a second mixer, 

(d) integrating the output of the first mixer in a first 
integrator during each keying interval and dump 
ing the output of the first integrator into a micro 
processor at the end of each keying interval, 

(e) integrating the output of the second mixer in a 
second integrator during each keying interval and 
dumping the output of the second integrator into 
the microprocessor at the end of each keying inter 
val, 

(f) repeating steps (2) through (5) for each of the 
keying intervals within a code word, 

(g) selecting, within the microprocessCr, that particu 
lar code word which displays the greatest resen 
blance to the outputs from the first and second 
integrators, and 

(h) outputting the data which is represcited by that 
particular code word. 

5. The process described in claim 4 wherein the step, 
of selecting, within the microprocessor, that particular 
code word which displays the greatest resenblance to 
the outputs from the first and second integrators coin 
prises selecting the particular code word by means of 
the biorthogonal in-phase quadrature process. 

6. The process described in claim 4 wherein the step 
of selecting, within the microprocessor, that particular 
code word which displays the greatest resent blance to 
the outputs from the first and second integrators coin 
prises selecting that particular code word by means of 
the biorthogonal second order in-phase quadrature pro 
CESS 

7. A system for demodulating a coherent phase-shift 
keyed signal that is modulated by a set of orthogonal 
code words representing input data comprising: 

(a) a microprocessor 
(b) means for generating a reference sinusoidai signal 
and a reference cosinusoidal signal, 

(c) first mixer means for mixing the 'exceived siglia 
with the reference sinusoidal signal 

(d) second mixer means for mixing the received signal 
with the reference cosinusoidal signal, 

(e) first integrator means for integrating the output if 
the first mixer during each keying intervai aid 
dumping the output into the microprCcessor at the 
end of each keying interwai, 

(f) second integrator means for integrating the out ut 
of the second mixer during each keying intervil 
and dumping the output into the microprocessor at 
the end of each keying interval, 

{g} reans for selecting, within the nicroprocessor, 
that particular code word which disilays the great 
est resemblance to the outputs from the first al. 
second integrators for the keying intervais occa 
pied by one code word, and 

(h) means for outputting the daia which is repre 
sented by that particular code word. 
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8. The system described in claim 7 wherein the means 
for selecting, within the microprocessor, that particular 
code word which displays the greatest resemblance to 
the outputs from the first and second integrators for the 
keying intervals occupied by one code word comprises 
means for selecting that particular code word by means 
of the in-phase quadrature process. 

9. The system described in claim 7 wherein the means 
for selecting, within the microprocessor, that particular 
code word which displays the greatest resemblance to 
the outputs from the first and second integrators for the 
keying intervals occupied by one code word comprises 
means for selecting that particular code word by means 
of the second order in-phase quadrature process. 

10. A system for demodulating a coherent phase 
shift-keyed signal that is modulated by a set of biortho 
gonal code words representing input data comprising: 

(a) a microprocessor, 
(b) means for generating a reference sinusoidal signal 
and a reference cosinusoidal signal, 

(c) first mixer means for mixing the received signal 
with the reference sinusoidal signal, 

(d) second mixer means for mixing the received signal 
with the reference cosinusoidal signal, 

10 

s 

(e) first integrator means for integrating the output of 25 
the first mixer during each keying interval and 
dumping the output into the microprocessor at the 
end of each keying interval, 
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(f) second integrator means for integrating the output 
of the second mixer during each keying interval 
and dumping the output into the microprocessor at 
the end of each keying interval, 

(g) means for selecting, within the microprocessor, 
that particular code word which displays the great 
est resemblance to the outputs from the first and 
second integrators for the keying intervals occu 
pied by one code word, and 

(h) means for outputting the data which is repre 
sented by that particular code word. 

11. The system described in claim 10 wherein the 
means for selecting, within the microprocessor, that 
particular code word which displays the greatest resem 
blance to the outputs from the first and second integra 
tors for the keying intervals occupied by one code word 
comprises means for selecting that particular code word 
by means of the biorthogonal in-phase quadrature pro 
CSS. 

12. The system described in claim 10 wherein the 
means for selecting, within the microprocessor, that 
particular code word which displays the greatest resem 
blance to the outputs from the first and second integra 
tors for the keying intervals occupied by one code word 
comprises means for selecting that particular code word 
by means of the biorthogonal second order in-phase 
quadrature process. 

th 


